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Sp e cifica tion 

Drug Delivery System for Periocular 
Administration of Fine Particles 

Technical Field 

The present invention relates to a drug delivery 
system to posterior segments such as a retina, a 
choroid and an optic nerve. 

Background Art 

Diseases of posterior segments such as a retina, 
a choroid and an optic nerve are often intractable, 
and a development of an effective treatment method 
is eagerly desired. Though ophthalmopathy is most 
generally treated by instillation of drugs, the drugs 
are hardly delivered to the posterior segments such 
as a retina, choroid and an optic nerve. Even if the 
drugs are delivered to the posterior segments, it is 
very difficult to sustain a drug concentration in 
those tissues. 

In view of this, an intravenous injection, oral 
administration and a vitreous injection are 
attempted to administer the drugs for the diseases of 
the posterior segments. However, the intravenous 
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injection and the oral administration can deliver 
only a very minute amount of drugs to the posterior 
segments which are target sites, and sometimes 
causes unexpected strong systemic actions (side 
effects) of the drugs. 

In the case of the vitreous injection, since the 
drug is directly injected into eyes, the amount of the 
drug to be delivered to the posterior segments is 
larger than those of the intravenous injection and 
the oral administration. The delivery to the posterior 
segments by the vitreous injection is summarized in 
Journal of ocular pharmacology and therapeutics, 
(2001) 17/4, 393-401 as a review. H owever, the 
vitreous injection is a method of administration 
which requires skilled procedure and is accompanied 
by a considerable pain. Accordingly, burdens on 
patients are heavy, and it is very difficult to 
administer the drug plural times. 

Unlike these methods of administration, a 
periocular injection, of which procedure is relatively 
easy, hardly causes disorders of ophthalmic tissues 
and burdens on patients are light, compared with the 
vitreous injection. A delivery of a drug to the 
posterior segments after the periocular injection was 
reported (Invest. Ophthalmol. Visual Sci. 18 (3) 



250-255, 1979), but its half-life was remarkably 
short, and it was difficult to sustain a drug 
concentration in the posterior segment tissues for a 
long period. Accordingly, frequent administration is 
required in order to sustain the drug concentration 
in the tissues, but the frequent administration 
increases the burdens on patients. 

Known methods of sustaining the drug 
concentration in eyes without doing the frequent 
administration are exemplified by a method of 
administrating a conjugate of a drug with a polymer 
intravenously (Invest. Ophthalmol. Visual Sci. 40 
(1), 2690-2696, 1999), a method of injecting a 
microsphere containing a drug into a vitreous body 
(Japanese Laid-open Patent Publication No. 
24787 1/2000). 

Since it was difficult to sustain the 
concentration of the drug injected p eriocular lly into 
the tissues by the conventional techniques as 
mentioned above, it was desired to develop a 
sustained drug delivery system to the posterior 
segments by the periocular injection. 

Disclosure of the Invention 

Studying precisely, the present inventors found 
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that periocular administration of sustained release 
fine particles containing a drug is very useful as a 
sustaining drug delivery system to posterior 
se gments . 

The present invention relates to the drug 
delivery system to the posterior segments to be used 
in order to administer the fine particles containing 
the drug p e r i o c u 1 a r 1 1 y . The present invention also 
relates to a periocular injection which comprises the 
fine particles containing the drug and enables the 
drug to deliver to the posterior segments. The 
delivery of drug to the posterior is excellent and 
systemic side effects are hardly caused by 
administering the fine particles containing the drug 
compared with an intravenous injection and oral 
administration. Procedure is easy and burdens on 
patients are light compared with a vitreous injection. 
Further, a drug concentration in the target tissue can 
be sustained for a long period by using the fine 
particles containing the drug. 

Preferred materials which are used to form the 
fine particles in the present invention are 
biodegradable or biosoluble polymers, and specific 
examples thereof are biodegradable polymers such as 
polyOactic acid), lactic acid - gly colic acid 



copolymers, lactic a c i d - c a p r o 1 a c t o n e copolymers, 
poly anhydrides, poly (ortho ester), poly 
- £ -caprolactone, p o 1 y a c r y 1 c y a n o a c r y 1 a t e s , 
polyhydroxyalkanoates, polyphosphoesters, 
polyamino acids and poly a -hydroxyacids; natural 
polymers such as gelatin, collagen, hyaluronic acid, 
dextran, starch, sodium alginate, agar, pullulan, 
albumin, carageenan, pectin, xanthan gum, gellan 
gum, casein, chitosan and fibrinogen; and synthetic 
polymers such as methacrylic acid copolymers, 
polyvinyl alcohol, h y d r o x y p r o p y 1 m e t h y 1 c e 1 1 u 1 o s e , 
hy droxypropy lme thy lcellulose acetate, hydroxyethyl 
cellulose, c a r b o x y m e t hy 1 c e 1 1 u 1 o s e , methyl cellulose, 
polyvinyl pyrrolidone, polyethylene glycol and poly 
N-alkylacrylamide. 

Molecular weight of these polymeric substances 
is not particularly limited and can be appropriately 
selected depending on the kind of drug contained in 
the fine particles, an effective drug concentration for 
treatment, a release period of the drug or the like. 

A particle diameter of the fine particles in the 
present invention is preferably 50 nm to 150 u m. It 
is difficult to produce fine particles having a particle 
diameter of 50 nm or less. The particle diameter of 
150 /z m or more is too large to use the fine particles 
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in the form of injections. A more preferred particle 
diameter is 200 nm to 75 u m. 

The drug delivery system of the present 
invention is used for treatment or prevention of 
diseases of a retina, a choroid membrane and an optic 
nerve. Specific examples of diseases are 
inflammation due to various causes, viral or 
bacterial infections, diseases due to angiogenesis of 
a r e t i n a - c h o r o i d , diseases due to ischemia of a retina 
and optic nerve disorders due to glaucoma. Further 
specific examples of diseases are uveitis, 
cytomegalovirus retinitis, age-related macular 
degeneration, diabetic retinopathy, proliferative 
vitreor e tinop athy, retinal detachment, pigmentary 
retinal degeneration, central retinal vein occlusion 
and central retinal artery occlusion. 

The drugs contained in the fine particles are not 
particularly limited, and drugs suited for object 
diseases can be selected. Specific examples of drugs 
are steroids or derivatives thereof such as 
betamethasone, dexamethasone, triamcinolone, 
prednisolone, f 1 u o r o m e t h o 1 o n e , hydrocortisone and 
progesterone; a n t i - i n f 1 a m m a t o r i e s such as 

bromofenac and diclofenac; cytokine inhibitors such 
as TNF - a inhibitors, PDE IV inhibitors and ICE 
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inhibitors; i m m u n o s up p r e s s o r s such as ciclosporin 
and tacrolimus; antivirals such as ganciclovir, 
aciclovir and i n t e r f e r o n - j3 ; a n t i m i c r o v i a 1 s such as 
ofloxacin, clarithromycin and erythromycin; 
carcinost atic agents such as f 1 u o r o u r a c i 1 , 
methotrexate and MMP inhibitors; angiogenesis 
inhibitors such as endostatin, VEGF inhibitors, 
antisense oligonucleotide, PKC inhibitors, adhesion 
factor inhibitors and vascular resting steroid; neural 
protectants-neural nutrition factors such as MK-801, 
timolol, creatine, taurine and BDNF; carbonate 
dehydratase inhibitors such as acetazolamidei and 
thrombolytic drugs such as urokinase. Preferred 
forms of the fine particles containing the drug are a 
matrix-type wherein the drug is dispersed uniformly 
in the fine particles and a capsule-type wherein the 
drug as a core is encapsulated with the fine particles. 

An amount of the drug contained in the fine 
particles can be appropriately increased or reduced 
depending on the kind of drug, the effective drug 
concentration for treatment, the release period of the 
drug, symptoms of diseases or the like. A drug 
content is 0.01 to 95% by weight, preferably 0.1 to 
20% by weight in the fine particles. 

The fine particles can be produced by a grinding 



method using a mill, a phase separation method (a 
coacervation method), a spray drying method, a 
supercritical fluid method, an interfacial deposition 
method or an interfacial reaction method, which is 
known, and the method is not limited to them. More 
specific examples of methods are a submerged drying 
method, which is the interfacial deposition method 
(J. Control. Release, 2, 343-352, (1985)), an 
interfacial polymerization method, which is an 
interfacial reaction method (Int. J. Pharm., 28, 
125-132 (1986)) and a s e 1 f - e m u 1 s i f i c a t i o n solvent 
diffusion method (J. Control. Release, 25, 89-98 
(1993)). An appropriate process for production can be 
selected among these processes for production 
considering the particle diameter of the fine 
particles, the kind, properties or a content of the 
contained drug or the like. 

A practical production example of 

drug-containing fine particles will be illustrated 
later in which fine particles contain betamethasone, 
an anti - inflammatory, and the material of the fine 
particles is polylactic acid. 

Effects of the present invention will be 
described later in detail in a section of "drug 
concentration in retina*choroid measurement tests". 
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Administering the fine particles containing 
betamethasone p e r i o c u 1 a r 1 1 y and measuring a drug 
concentration in a r e t i n a - c h o r o i d , it was found that 
the drug concentration in the r e t i n a - c h o r o i d is 
s us t aine d . 

The fine particles in the drug delivery system of 
the present invention are administered periocularly . 
The periocular administration can be carried out 
using an ordinary periocular injection. The 
procedure of the periocular injection is relatively 
easy, and the burdens on patients are light as 
described in the section of "Background Art". 

Further, since the drug can be efficiently 
delivered to the posterior segments such as a retina, 
a choroid and an optic nerve by using the system of 
the present invention, a dosage of the drug can be 
reduced, and consequently side effects can also be 
reduced. 

To administer p e r i o c u 1 a r 1 ly the fine particles to 
be used for the drug delivery system of the present 
invention, preferred dosage forms are injections. The 
injections can be prepared by widely-used 
formulation techniques of injections. For example, 
the preparations can be prepared by adding an 
additive to be usually used such as an osmotic 



pressure adjustor such as sodium chloride, a buffer 
such as sodium phosphate, a surfactant such as 
polysorbate 80 or a thickener such as methyl 
cellulose and the fine particles to distilled water for 
injections. When a high pressure syringe having no 
needle is used, the fine particles can be administered 
as they are without rendering them the injection. 

A production example of the fine particles, an 
example of the preparation and results of drug 
concentration measurement tests and choroidal 
neovascularization inhibition tests are illustrated 
below. 

Best Mode for Carrying out the Invention 

1. Process for producing d r u g - c o n t a i n i n g fine 

particles 

A production example of fine particles which 
can be used for a drug delivery system of the present 
invention is illustrated below. 

Betamethasone (0.025 g) and polylactic acid 
(0.25 g) having weight-average molecular weight of 
20,000 were dissolved in benzyl alcohol (1.5 ml). The 
obtained solution was referred to as a drug/polymer 
solution. A 2.0% (w/v) aqueous polyvinyl alcohol 
solution (30 ml) was homogenized with a homogenizer 
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(5,000 rpm), and the drug/polymer solution was added 
dropwise to the homogenized solution. The mixture 
was homogenized for five minutes after finishing 
dropping to prepare an O/W emulsion. Ultrapure 
water (300 ml) was stirred (300 rpm) with a stirrer, 
thereto the prepared O/W emulsion was added 
dropwise followed by stirring for one hour after 
finishing dropping. After stirring, the obtained 
suspension was centrifuged, and the resulting 
supernatant was removed. In order to wash the 
resulting precipitate, ultrapure water (30 ml) was 
added to the precipitate to disperse it, the dispersion 
was centrifuged again, and the resulting supernatant 
was removed. This operation was repeated one more 
time. The washed precipitate was sieved to give 
particles having particle diameters of 50 nm to 75 
li m. The obtained particles were lyophilized to give 
betamethasone-containing microsphere. 

2. Process for preparing preparation 

Betamethasone-containing microsphere powder 
(442 mg) was dispersed in a solvent (4 ml of an 
aqueous solution containing 0.4% (w/v) of 
polysorbate 80 and 2.6% (w/v) of glycerin). The 
obtained dispersion was referred to as a 
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betamethasone - containing microsphere injection. 

3. Measurement of drug concentration in 
re tina-choroid 

Using the b e t a m e t h a s o n e - c o n t a i n i n g 

microsphere injection, a betamethasone 

concentration in a r e t i n a - c h o r o i d was measured 
according to the method below. As a control, using a 
betamethasone suspension, a concentration was 
measured in the same manner. A betamethasone 
concentration in the r e t i n a - c h o r o i d of a microsphere 
administration group was compared with that of a 
suspension administration group. The betamethasone 
suspension was prepared by suspending 

betamethasone in a solvent (an aqueous solution 
containing 0.4% (w/v) of polysorbate 80 and 2.6% 
(w/v) of glycerin). 

1) A 0.5% (w/v) oxybuprocaine hydrochloride 
ophthalmic solution was instilled into both eyes of 
Japanese white rabbits to anesthetize the eye 
surface s . 

2) The b e t a m e t h a s o n e • co n t a i n i n g microsphere 
injection was periocularlly administered to an upper 
portion in an amount of 100 fi 1 per eye with a syringe 
equipped with a 27 G needle. Since a betamethasone 
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content in the microsphere was about 4.6% (w/v), a 
dosage of betamethasone was about 500 u g . A 1% 
(w/v) betamethasone suspension was periocularlly 
administered to an upper portion of a control group 
in an amount of 50 tt I per eye with the syringe 
equipped with the 27 G needle. 

3) The rabbits were killed on 2nd, 7th, 14th, 21st and 
28th day after administration respectively. After 
enucleation of eyeball, the r e t i n a - c h o r o i d s were 
recovered. Then betamethasone concentrations in the 
retina-choroids were measured with a high 
performance liquid c h r o m a t o gr a p h . 

Results of changes in drug concentration with 
time are shown in Table 1. As apparent from Table 1, 
in the case of the betamethasone suspension, the 
betamethasone concentration in the r e t i n a - c h o r o i d 
was about 0.96 ji g/g tissue after seven days, but it 
was a detection limit or lower after 14 days. To the 
contrary, in the case of the 

betamethasone-containing microsphere, the 

betamethasone concentration in the r e t i n a * c h o r o i d 
was about 0.09 l± g/g tissue even after 28 days, and 
the drug concentration in the r e t i n a • c h o r o i d was 
sustained. 
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Table 1- Betamethasone concentrations in 



re tina ■ choroids ( U g/g tissue) 





Control group 
(suspension) 


Microsphere 
injection 


Two days after 
administration 


0.54 + 0.35 


0.70 ± 0.26 


Seven days 
after 


0.96 ± 0.54 


0.18 


1 4 days after 


^ Detection limit 


0. 17 ± 0.06 


2 1 days after 


^ Detection limit 


0.10 + 0.02 


28 days after 


^ Detection limit 


0.09 ± 0.02 



(In Table 1, the bet amethasone concentrations in the 
r e t i n a - cho r o i d s represent the average of three or 
four eyes ± standard error. The value after seven 
days of the microsphere injection represents the 
average of two eyes since the concentrations were the 
detection limit or lower in two eyes of four eyes.) 

4. Choroidal neovascularization inhibition tests 

Inhibitory effects of the 

betamethasone-containing microsphere injection on 
choroidal neovascularization were studied by the 
method below using 1 a s e r - i n d u c e d rat choroidal 
neovascularization models. As a control, using a 
microsphere injection containing only the solvent (an 
aqueous solution containing 0.4% (w/v) of 
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polysorbate 80 and 2.6% (w/v) of glycerin), operation 
was carried out in the same manner. 

1) A one ml/kg mixed solution ( 7 : 1 ) of a 5% (w/v) 
ketamine hydrochloride injection and a 2% (w/v) 
xylazine hydrochloride injection was administered 
intramuscularly to rats to anesthetize them 
sy stemically. A 0.5% (w/v) t r o p i c a m i d e / 0 . 5 % (w/v) 
phenylephrine hydrochloride ophthalmic solution 
was instilled into the eyes to cause mydriasis, and 
then photocoagulation was performed with a krypton 
laser photocoagulation apparatus. The 
photocoagulation was carried out in a posterior 
section of ocular fundus at eight spots per eye 
sparsely avoiding thick retinal vessels and focusing 
on the retinal depth (coagulation conditions- spot 
size^ 100 U m, output: 100 mW, coagulation time: 0.1 
sec). After the photocoagulation, the ocular fundus 
was photographed to confirm laser irradiation sites. 

2) Immediately after the photocoagulation, the 
be tame thasone ■ containing microsphere injection was 
periocularlly administered to an upper portion of 
each rat in an amount of 50 u 1 per eye with a micro 
syringe equipped with a 30 G needle. The microsphere 
injection containing only the solvent (an aqueous 
solution containing 0.4% (w/v) of polysorbate 80 and 

15 



2.6% (w/v) of glycerin) was periocularlly 
administered to an upper portion of the control group 
in an amount of 50 ix 1 per eye. 

3) Fourteen and 28 days after the photocoagulation, 
0.1 ml of a 10% (w/v) aqueous fluorescein solution 
was injected from a tail vein, and fluorescein 
angiography was performed. In the fluorescein 
angiography, a spot where fluorescence diapedesis 
was not observed was judged as negative, and a spot 
where fluorescence diapedesis was observed was 
judged as positive. Each neovascularization 
exhibition rate (%) was calculated from a rate of a 
positive spot number to eight spots irradiated with 
the laser according to the following calculation 
equation. With regard to spots which exhibit slightly 
excessive fluorescence, forming of two spots was 
judged as positive of one count. 

Neovascularization exhibition rate (%) = 
(fluorescence diapedesis spot number / laser 
irradiation spot number) X 100 

The obtained results are expressed in the 
average ± standard error. A Student's t test was used 
for statistical analysis. Each level of significance 
was taken as 5% on both sides. 

Inhibitory effects of the betamethasone- 
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containing microsphere on the choroidal 

neovascularization are shown in Table 2. While a 
neovascularization exhibition rate of the control 
group 14 days after the photocoagulation was 
60.9±4.4%, a neovascularization exhibition rate of a 
b e t a m e t h a s o n e - c o n t a i n i n g microsphere group was 
12.512.4%, and the betamethasone-containing 
microsphere exhibited a statistically significant 
inhibitory action on the choroidal 

neovascularization. Even 28 days after the 
photocoagulation, while a neovascularization 
exhibition rate of the control group was 73.4±6.0%, a 
neovascularization exhibition rate of the 
betamethasone-containing microsphere group was 
12.5 + 2.4%, and the betamethasone-containing 
microsphere exhibited the statistically significant 
inhibitory action on the choroidal 

neovascularization. The above-mentioned results 
mean that the p e r i o c u 1 a r 1 1 y - a d m i n i s t e r e d 

betamethasone-containing microsphere exhibits the 
inhibitory action on the choroidal neovascularization 
even 14 and 28 days after the administration. 



Table 2'- Neovascularization exhibition 
betamethasone-containing microsphere 
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rates (%) of 



I 





Control group 


Microsphere group 


After 14 days 


60.9 ± 4.4 


12.5 ± 2.4 


After 28 days 


73.4 ± 6.0 


12.5 ± 2.4 



(In Table 2, the neovascularization exhibition rates 
of the respective groups represent the average of 
eight eyes ± standard error.) 

Industrial Applicability 

The present invention can provide an excellent 
drug delivery system to posterior segments by 
periocular administration. 
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